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THE CORRELATION OF PUPIL SIZE 
WITH REFRACTIVE ERROR 
ABSTRACT 
iv 
The existence of a relationship between pupil size and refractive 
error among school-aged children was investigated in the present study. 
Pupil size was recorded photographically, amd refractive error was 
determined by retinoscopy. In general, the subjects represented two age 
groups: ages 6-7 and ages J.4 .. 15. The results fOWl.d that both age groups 
showed negative correlations between pupil size aD'.il refractive error; 
however, not all correlations were statistically significant. More 
correlations were statistically significant in the female age 6-7 group 
than in the male age 6-7 group, while more correlations were statistically 
significant in the male age 14-15 group than in the female age 14-15 group. 
When all subjects, male and female ages 6-15, were analyzed, a significant 
(p < .01) negative correlation was found between refractive error and 
pupil size with both right and left eyes. The results of this study 
indicated that, in generalt myopes had a larger pupil diameter than did 
hypermetropes, this trend becoming stronger among older children. 
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INTRODUCTION 
Practitioners often state that myopes have bigger pupils than 
non-myopes, but few studies have been concerned with determining a 
correlation between pupil size and refractive error. Goodrich (1974) 
in his thesis found no correlation between refractive error and pupil 
1 
size9 howeverj this finding is contrary to three available published works: 
Silberkuhle (1896) found a larger diameter pupil size in myopes than 
non-myopes, but only in subjects over 20 years of age. 
-- Tange (1903) found a larger pupil size in myopes than in non-myopes. 
Hirsch and Weymouth (1949) found a greater pupil size in myopes than 
in non-myopes, but utilized a target at 50 cm; thus their results to 
some degree may have reflected the difference in accommodation for 
the target by myopes and hypermetropes. 
The subjects in Goodrich's study were university students with a 
mean refraction of -1.43n. 
The fact that mental activity will cauae dilation of the pupil has 
been documented by a number of researchers (e.g., Kahneman and Beatty, 1966; 
Kahneman, Onuska and Wolman, 1969; Goldwater, 19?2; Shiffman, 1976). 
Hess (1975) reported that pupil size of persons engaged in mental arithmetic 
increased as much as 29.5%. The mean increase in pupil size for simple 
computations such as 7x8 was l0 . 8% , while more difficult computations such 
2 
as 16x23 resulted in a mean increase of pupil size of 21.6%. This finding 
leads to the possibility that individuals �hose mental activity is at a 
relatively high level will have a tonic pupil size which is larger than 
pupils of individuals who function at a lower level of mental activitye 
The large pupil whose depth of focus is smaller than that of the 
small pupil will contribute to a greater accommodative demand on large-pupil 
individuals at near (Boriah, 19?0). Thus the mentally active, achieving 
individual that spends much of his time at near involves himself with 
prolonged states of accommodation because of his near-po:I.nt environmen.;� 
The accommodative demand is further increased by a loss of depth of focus 
associated with larger pupils. According to the environmental theory 
of myopia (Oakley and Young, 1975), these individuals wh.ose personality 
characteristics bring them to spend much time at near are prime candidates 
for the development of myopia. 
Beedle and Young (1976) and Young (1975) have found that personality 
characteristics of myopes were consistently different from those or non­
myopes. Here myopes were found to be more anxious and more likely to be 
introverted in their personality characteristics, and in general were more 
educated and greater achievers than non-myopes. From the above results, 
it may be argued that myopea will demonstrate a greater level of mental 
activity and hence the average pupil size of myopes will be larger tllan 
the average pupil size of non-myopes. 
The purpose, then, of this project is to determine if this projected 
relationship holds, that is, the pupil size of myopes is larger that those 
of non-myopes. In addition, research emphasis in the present study will be 
directed toward those individuals under 18 years of age in order to involve 
the age group that shows the earlier stages of progression into myopia. 
Finally, the utilization of subjects from grade and high school screening 






The subjects were obtaiued from two visual screening programs sponsored 
by Pacific University College of Optometrye The first screening program was 
at the Myrtle Point school district wbre approximately 300 subjects were 
obtained. The second visual screening program was in the area of the Gold 
Beach school district$ Here 471 subjects were obtainedw The present study 
incorporated only the information from the second screeninge The first 
screening was classified as a pilot program$ with an emphasis OR establishi�g 
an experimental technique which would reduce experim�ntal error on the 
second screening. 
Of the 471 subjects, only 390 had complete sets of data. Only these 
subjects' data were considered for analysis. Of these 390 aubjectsj 183 
were female and 207 were male� Ages of the subjects ranged from 6 �o 16 
years. Two subjects were age 16; their data were included in the 15-year 
age group data. Five of the subjects were non-caucasian. 
Data from both eyes of' each subjecn; was taken, and right eyae were 
analyzed separately from the left eyes. Three hW!l.dred eighty one eyes mere 
in the hyperm�tropic range (:+a370 or greater), 208 eyes \Yer® emmetropic 
(+o25 to -.12D), and 191 eyes were in the myopic range (=e25 or greater)e 
Refractive error was converted to spherical equivalents. The distribution 
of the degree of refractive error by subject age and sex is given in Table 1. 
Insert Table 1 here 
5 
.Apparatus 
The appartus used for photographing the pupil consisted of a 35mm 
single lens reflex camera equipped with a 135mm telephoto lens, l22mm of 
extension tubes and an elec�omic flash. This arrangement resulted in a 
negative size:actual size ratio of approximately 1:1. Illumination was 
fixed at a moderate level5 with the pupil being illuminated by a '7t watt 
bulb positioned approximately 1811 in front of the subject and 30 degrees 
below the subject's line of sight� An adjustable stand for the light source 
was util.izede To assure constancy of illumination from subject to au·l.ject, 
an Bt by 11 white test paper was held at the plane of the eubjectas eyes 
and its illuminance was checked by using a light meter which v.raa held 18in 
from the test paper� (The light level was such that 100 ASA film at a 
shutter speed of 1/30 second indicated a rt f-stop setting when the light 
meter was directed at the test paper.) The test paper was secured to a 
cliP-board which was held at the plane of the subject's face. The light 
meter was secured to a string which was attached to the clip-board; this 
method assured that the distance from the light meter to the teat paper 
remained constant between readings. 
A measuri:ng reticule calibrated in .,01'' markings was used. In 
addition to being the measure used as thQ standard for calculating pupil 
size, it also included an identifying number. Here a small piece of opaque 
white plastic tape was secured to one end of the reticule. A water-soluble 
felt-tipped pen was used to mark the subject number on the tape. Between 
aubjeot testing sessions, the ink was wiped off and the new subject number 
was added. Experience indicated that the best position for the reticule 
to be held was vertically at the top of the lower lid below the pupil. 
When held horizontally, there was a greater tendency for the reticule to 
be tilted to the aide. 
Procedure 
The subject's right eye was .photographed first. The camera was 
positioned directly along the eye's line of sight while the left @ye 
fixated a snellen chart at 20 feet. This same procedure was repeated 
6 
with the left eye. The identifying number on the reticule was marked on 
a 3x5 inch card on which the subject's name, age, race and sex was 
included. •rhis 3x5 inch card was then stapled to the subject's screening 
form. Next, the subject proceeded to the retinoscopy section where senior 
optometry interns refracted the subject and marked the refraction on the 
3x5 inch card. 
The negatives, after being developed, were then projected using a 
film strip projectoro The meridian which resulted in the largest pupil 
diameter was used to measure pupil size. Pupil:iris ratio was also 
recorded in the horizontal meridian. The distance between two points on 
the reticule was also measured. Pupil size (largest diameter), iris size 
(horizontal diameter) and pupil;iris ratio were then calculated for each 
eye. 
The study was conducted in a double-blind manner. Subjects' eyes 
were photographed prior to retinoscopy so refractive error was not known; 
the retinoscopy was performed and record&d by optometry clinicians not 
involved with the thesis project. Pupil and iris parameters were later 
recorded from projected negatives without knowledge of refractive erro�s. 
7 
RESULTS 
Measurements of nine variables were obtained from each subjecto The 
first two variables were refractive error, right and left eye. The next two 
variables were pupil diameter, right and left eye� Variables 5 and 6 wer.a 
pupil:iris ratio of the horizontal meridian, right and left eye; variables 
7 and 8 w·ere iris diameter, right and left eye; and the last variable was 
t he subjectus age. For purpose of analysis, the data were grouped into the 
following sex and age groups: 
Females: age 6; 7; 6-7; 8-13; 14; 15; 14-15; 6-15 
Malesi age 6; 7; 6-7; 8-13; 14; 15; 14-15; 6-15 
Males and females: age 6; 7; 6-7; 8·13; 14; 15; 14-15; 6�15 
There were enough subjects in each of the age groups 6, 7, 14 and 15 to 
analyze these data separately. Only 20 subjects age 8-13 were in'the dat�, 
therefore these data were analyzed together. Age groups 6 and 7 were then 
combined and the data analyzed as a single group. A similar technique 
was done for groups age 14 and 15� Data for males and females were each 
analyzed separately in this fashione Both male and female data were than 
combined into one group and analyzed in the same manner. 
Data analysis consisted of calculating the correlation coefficients 
between refractive error and pupil size, pupil:iris ratio and �ge·for each 
age group using a multi-variant correlation computer program. Right eye 
data were maintained separate from left eye data. This procedure served the 
purpose of having parallel sets of data which could be compared with one 
another. The means and standard deviations for each variable per age 
8 
group were also determined0 These results ar& pr·esented in the following 
tables: 
-� Tables 2, 3 and 4 contain correlation coefficients between refractive 
error, pupil size and pupil:iris ratio for males, females, and 
combined males and females. 
Tables 5, 6 and 7 list the coefficient of determination for those 
values in Tables 2, 3 and 4 that were significant at the .05 or .01 
levele 
--trables 8, 9 and 10 present the mean and standard deviation valu .. ,s for 
pupil size and pupil:iris ratio for all age groups. 
Tables 11, 12 and 13 list the mean and standard.deviation values for 
refractive error and iris diameter for all groups. 
Table 14 summarizes the correlations between each variable for all 
subjects., 
Table 15 summarizes the correlations between each variable for all 
females. 
---�able 16 summarizes the correlations between each variable for all 
Insert Tables 2 through 16 here 
The computer print-out results of means, standard deviations and 
correlation coefficients for all groups are included in the appendix. 
In general, when analyzed for correlations between refractive error 
(right and left eyes) and pupil size or pupil:iris ratio: 
Females analyzed in individual age groups showe'd few significant 
correlatio11s. 
Females analyzed as a single group showed significant correlations 
on all 4 variables. 
9 
Males analyzed in individual groups showed no significant correlations 
at the younger age groups, but the older age groups showed many 
significant correlations. 
Males analyzed as a single group showed significant correlatioRa on 
all variables. 
Males and females analyzed together showed even more significant 
correlations; the highest s:tpificant correlations were again amc'lg 
the older age groups. 
When all ages were combined, the highest significant correlations were 
obtained. It is recognized, hoivever� that the statistical signii'.icance 
levels in correlation are affected by sample size. 
Of interest was a difference in the mean pupil size .and iris diameter 
between the right and left eyes. The mean right pupil size for all subjects 
was .3mm greater than the left eye; the me&R right iris diameter for all 
subjects was .4mm greater than the mean left iris diameter. Theae findings 
were consistent for both sexes at all age groupso Refractive error showed 
a significant negative correlation with age -- that is, older subjects 
were more myopic. Pupil size and pupil:iris ratio in general did not 
significantly correlate with age in this study. Iris diameter and age 
showed a aig�ificant negative correlation§ older subjects had smaller iris 
diameters by about .1 to .2mm. 
As previously mentioned, Tables 5, 6 and 7 pz•esent the coefficient of 
determination for significant correlations between refractive error and 
pupil diameter or pupil:iris ratioe Multiply these figures by 100, and 
the resulting value is the percent of ·variability accounted for in one 
10 
variable by a change i n  the second variableo For total females, the valu.o 
was about 3%; tor males, about 4%; and for all subjecte9 about 3.4%. The 
highest coefficient of determination was tor males, aga 15s about 22%. 
DISCUSSION 
The results of this study suggest there is a significant negative 
correlation between pupil size and refractive errorp and that this 
correlation becomes stronger as age increases. Males in general showed 
11  
a greater correlation coefficient value than did females. The significance 
of the correlation value became greater when all age groups were incl�d-
ed in the statistical analysis for males and females, respectively. The 
significance of the correlation also increased when both sexes were 
included in the analysis data(Tables 2,3 and 4). 
Goodrich{1974) also found a negative correlation between refractive 
error and pupil size-··as did the studies of Silberkuhle( 1896), Ta.nge( 1903), 
and Hirsch a.11d Weymouth(1949)--but the correlation Goodrich fOW'l.d was not 
significant. This lack of statistical significance may have been due, 
in part, to the inherent selectiveness of his subject population which 
consisted of university students. A sample of university students would 
not necessarily be considered a typical cross-section of the general 
population, and would be more likely to aemonstrate homogeniety with 
respect to achievement level and academic capabilities. Choosing a sub-. 
ject population among grade and high school students, as done in the 
present study, is more representative of a population which includes 
achievers as well as non-achievers. 
As stated previously, the average right pupil size was larger than 
the average left pupil size by Oe3mm(Tables 8,9 and 10). It may be argued 
that this may be due to the right eye-left eye sequence in the experimental 
12 
set up, but this proposed explanation would not explain why the average 
right iris diameter was larger than the average left iris diameter, by 
o.4mm(Tables 11,12,and 13). Perhaps this finding is evidence for the 
validity of eye dominance in that there is a detectable difference between 
the size of right and left eye structures1 as one would expect a difference 
in the development of right or left arm or leg muscles under the influence 
of dominance. The assumption is made that most individuals are right eye 
dominant. Eye dominance was not determined in the present study, however. 
Whether or not there exists a correlation between tonic pupil si�e 
and the mentally active individual is not directly determined by this 
study. However, a relatioaship between myopia and the achieving individual 
(e.g. Youn.g,1967) has been reported. This finding suggests the possibility 
that there is a correlation between larger pupils and the mentally 
active, achieving individual. 
The dependence of variability of refractive error on pupil size 
points to a variable which has a much greater significance in terms of 
correlation with refractive error. A larger pupil has a smaller depth 
of focus--this results in a greater accomodative demand to see clearly 
at near. If that small amount of increased accomodative demand associated 
with larger pupils shows an association with myopia, then the person who 
is engaged in constant near activity, hence constant accomodation, will 
show even a much greater tend8.lil.cy to be myopic. This idea is further 
supported by the correlation between myopia and personality patterns of 
introversion(Beedle and Young, 1976)--thoae individuals who show personalities 
of near centeredneas are the same individuals who are more likely to 
become myopic. If then there is a correlation between accomodation and 
the progression of myopia, it stands to reason that reducing accomodation 
13 
by use of plus power reading lenses would reduce the in cidenc e  or prog­
ression of myopia. Oakley and Young{ 1 9?5) have found that subjects, ages 
9-15, fit t ed with p lus adds at near were effectively prevented from pro­
gressi�g towards or further into myopia, whereas the controll group with­
out near adds progressed towards or further into myopia at an average rate 
of -.50 diopters per year . It therefore behooves the eye pract itioner to 
consider such therapy for his near-cent ered patients. 
<) 
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TABLE 1 
DISTRIBUTION OF REFRACT IVE ERROR OF RIGHT AND LEFT EYES 
+7 . 00- +2 . 25- +1 . 25- +. 25- - . 25- -1. 25- -2. 75-
SEX AGE N +2 . 37 +1 . 37 + . 37 - . 12 ... 1 . 12 -2 . 62 -6. 00 
F 6 118 4 4 61 30 17 2 
F 7 32 2 26 4 
F 8-13 10 4 5 l 
F 14 170 6 1  57 45 4 3 
F 15 . 36 8 2 11 4 7 4 
M 6 132 4 7 'll 36 14 
M 7 48 2 7 25 12 2 
M 8-13 30 2 2 13 8 4 1 
M 14 158 2 41 50 37 15 13 
M 15 46 6 2 14 2 19 3 
F 6-15 366 12 8 163 100 70 10 3 
M 6-15 414 16 18 164 108 76 19 13 
F&M 6-15 ?80 28 26 32.7 208 146 29 16 
TABLE 2 
CORRELAT ION COEFFI C IENTS BETWEEN REFRACTIVE ERROR, 





8- 1 3  
1 4  
1 5  






8-1 3  
1 4  
1 5  
N PUPIL S I ZE PUPIL S IZE PUPIL: IRIS 
RIGHT EYE LEFT EYE R IGHT EYE 
59 - . 338** - . 239 - · 33 1  ** 
1 6  . 346 . 26 1  . 335 
75 - . 246* - . 1 43 - . 249• 
5 . 238 . 0308 . 0641 
85 - . 0249 - . 0292 - . 0 1 1 2  
1 8  - . 409 - . 600* - . 48 1  
1 03 - . 1 36 - . 1 86 - . 1 37 
1 83 - . 1 68* - . 1 53* - · 1 76** 
TABLE 3 
CORRELAT ION COEFF ICIENTS BETWEEN REFRACTIVE ERROR, 
PUPIL S IZE AND PUP IL : I R IS RAT IO FOR MALE S UBJECTS 
N PUPIL S IZE PUPIL S IZE PUPIL: IR IS 
R IGHT EYE LEFT EYE RIGHT EYE 
66 - . 0829 - . 0824 - . 0 1 52 
24 - . 0990 - . 29 6  - . 0 773 
90 - . 0649 - • 1 1 1  - . 00871  
1 5  - . 1 03 . •  1 50 - . 0238 
79 - . 224* - . 258* .. . 1 94 
23 - . 51 5* - · 438* - . 532** 
1 4-1 5 1 02 - . 306** - . 3 1 1 ** - . 297** 
6-1 5 207 - . 21 1 ** - .  l 92* * - . 203** 
TABLE 4 
CORRELAT ION COEFFIC IENTS BETWEEN REFRACT IVE ERROR , 
PUP IL : IRIS 
LEFT EYE 
- . 264 
. 228 
-. , 58 
- . 1 25 
- . 0004 
- . 66 1 ** 
- . 1 8 1 
- . 1 74** 
PUP IL : IR IS 
LEFT EYE 
- . 0355 
- . 337 
- . 1 25 
. 396 
- . 29 1 * *  
- - 395 
- . 327** 
- . 1 96** 
PUPIL SIZE AND PUPIL : IR IS RATIO FOR MALE AND FEMALE SUBJECTS 
AGE N PUPIL S IZE PUPIL S IZE PUPIL: IRIS PUP IL : IRIS 
R IGHT EYE LEFT EYE RIGHT EYE LEFT EYE_ 
6 1 25 - . 223* - . 1 66 - . 1 90* - . 1 48 
7 40 . 0289 - . 1 5 1 . 0405 - .203 
6-7 1 65 - . 1 51 *  - . 1 50 *  - . 1 27 - . 1 55 *  
8-1 3  20 - . 075 • 1 1 8  . 01 2  . 270 
1 4  1 64 - . 1 47 - . 1 80* - . 1 08 - . 1 ?9 *  
1 5  41 - · 444** - . 467** - · 478** - · 479** 
1 4- 1 5 205 - . 229 ** - . 262** - . 2 1 7** - . 265** 
6-1 5 390 - . 1 92** - . 1 75·H - . 1 88** - . 1 82** 
*significant at t he . 05 level ( p  < 0 . 05 )  
**significant at the . 0 1  level ( p < 0 . 01 ) 
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TABLE 5 
COEFF IC IENT OF DETERMINAT ION FOR CORRELATIONS 
S IGN IF ICANT AT THE . 05 OR . 0 1  LEVEL BETWEEN REFRACTIVE ERROR , 
PUPIL S IZE AN D PUPIL : IR IS RAT IO FOR FEMALE SUBJECTS 
AGE N PUPIL S IZE PUPIL S IZE PUP IL : IRIS PUPIL : IRIS 
R IGHT EYE LEFT EYE RIGHT EYE LEFT EYE 
6 59 . 114 . 110 
7 16 
6-7 75 . 06 1  . 062 
8-13 5 
14. 85 
15 18 . 360 . 437 
14-15 103 
6-15 183 . 028 . 023 . 031 . 030 
--
TABLE 6 
COEFFI C IENT OF DETERMINATION FOR CORRELAT IONS 
S IGN IF ICANT AT THE . 05 OR . 0 1  LEVEL BETWEEN REFRACT IVE ERROR, 



















PUPIL S IZE 
RIGHT EYE 
. 050 
. 26 5  
. 094 
. 045 












COEFF ICIENT O F  DETERMINATION FOR CORRELATIONS 





S IGN IF ICANT AT THE . 05 OR . Ol LEVEL BETWEEN REFRACTIVE ERROR , 
PUPIL S IZE AND PUPIL ; IR IS RAT IO FOR MALE AND FEMALE SUBJECTS 
AGE N PUPIL S IZE PUPIL S IZE PUPIL : mIS PUPIL : mIS 
R IGHT EYE LEFT EYE R IGHT EYE LEFT EYE 
6 12.5 . 050 . 036 
7 40 
6-7 165 . 023 . 023 . 024 
8-13 20 
14 164 . 032 . 032 
15 41 . 19? . 218 . 228 . 229 
14-15 205 . 052 . 069 . 047 . 070 




MEAN AND STAN DARD DEVIAT ION VALUES 
OF PUPIL S IZE AND PUPIL : IRIS RAT IO FOR FEMALE S UBJECTS 
PUPIL S IZE PUPIL S IZE PUPIL: IR IS PUP IL : IRIS 
AGE N R IGHT EYE LE.FT EYE RI GHT EYE LEFT EYE 
MEAN S .  D .  MEAN S . D .  MEAN S .  D .  MEAN S .  D .  
6 59 6 . 3  . 8  6 . 2 . 8  . 52 . 06 . 51 . 06 
7 16 6 . 4  . 8  6 . 3  . 7  . 53 . 06 . 52 . 05 
6-7 75 6 . 4  . 8  6 . 2  . 7  . 52 . 06 . 52 . 06 
8-13 5 6 . 7  . 6  6 . 3  . 6  . 56 . 0 5  . 53 . 06 
14 85 6 . 4 . 9 6 . 0  6 8  . 53 . 07 . 51 . 07 
15 18 6 . 3  . 7  6 . 0  . 7  •. 53 . 05 . 51 . 08 
14-15 103 6 . 4  . 8  6 . 0  . 8  . 53 . 07 . 51 . 07 
6-1.5 183 6 . 3  . 9  6 . 1  . 8  . 53 . 06 . 51 . 06 
____ __ ..... 
TABLE 9 
MEAN AND STANDARD DEVIAT ION VALUES 
OF PUPIL S IZE AND PUPIL : IRIS RATIO FOR MALE S UBJECTS 
.....-�-
PUPIL S IZE PUP IL S IZE PUPIL: IR IS PUPIL: IR IS 
AGE N R I GHT EYE LEFT EYE R IGHT EYE LEFT EYE 
MEAN S .  D .  MEAN S . D . MEAN S .  D .  MEAN S .  D • 
6 66 6 . 4  • 6 6 . 2  . 6  . 52 . 05 . 51 . 05 
7 24 6 . 6  . 7  6 . 3  . 6  . 54 . 05 . 52 . 06 
6-7 90 6 . 4  . 6  6 . 2  . 6  . 53 . 05 . 51 . 05 
8-13 15 6 . 5  . 6  6 . 2  . 6  . 53 . 05 . 52 . 04 
14 79 6 . 5  . 8  6 . 1  . 7  . 53 . 0 6  . 51 . 06 
15 23 6 . 3  . 9  6 . 0  1 . 0  . 52 . 07 . 50 . 07 
14-15 102 6 . 4  . 8  6 . 1  . 8  . 53 . 06 . 51 . 07 
6-15 207 6 . 5  . 7  6 . 2  . 7 . 53 . 06 . 51 . 06 
TABLE 10 
MEAN AN D STANDARD DEV IATION VALUES 
OF PUPIL S IZE AN D PUP IL :  IRIS RAT IO FOR MALE AND FEMALE SUBJECTS 
PUPIL S IZE PUPIL S IZE PUPIL : IRIS PUPIL: IRIS 
AGE N RIGHT EYE LEFT EYE R IGHT EYE LEFT EYE 
MEAN S . D . MEAN S . D . MEAN S .  D .  MEAN s . n. 
6 125 6 . 3  . 7  6 . 2  . 7 . 53 . 05 . 52 . 05 
7 40 6 . 6  . 7  6 . 3  . 7  . 54 . 05 . 52 . 05 
6-7 165 6 . 4  � 7  6 . 2  . 7 . 53 . 05 . 52 . 05 
8-13 20 6 . 6  . 6  6 . 2  . 6  . 54 . 05 . 52 . 04 
14 164 6 . 4 . 8  6 . 1  . 8  . 54 . 07 . 51 . 06 
15 41 6 0 3  . 8  6 . 0  . 9 . 52 . 06 . 50 . 06 
14-15 205 6 . 4  . 8  6 . 1  . 8  . 53 . 06 . 51 . 06 
6-15 390 6 . 4  . 8  6 . 1  . 7  . 53 . 06 . 51 . 06 
--== .,., raw;.,....,;.� 
TABLE 11 
�JEAN AND STANDARD DEVIAT ION VALUES 
FOR REFRACT IV E ERROR AND IR LS DIAMETER FOR FEMALE SUBJECTS 
-
REFRACTIVE ERROR IR IS  DIAMETER 
AGE N R IGHT EYE LEFT EYE R IGHT EYE LEFT EYE 
MEAN S . D. MEAN S .  D .  MEAN S . D. MEAN 
·�.,._.,,__ -
6 59 +.48 * 84 + . 50 . 75 12 . 0  . 4 11 . 7  
7 16 +. 67 . 38 + . 68 . 41 12 . 1  . 5 11 . 5  
6-7 75 + u 52 • '77 + . 54 . 70 12 . 0  . 4  ll . 7  
a ... 13 5 + . 30 . 45 + . 10 . 42 l2 o l  . 1  11 . 8  
14 85 + . �2 . 64 +. 05 . 62 11 . 9  . 5  11 . 5  
15 18 +1 . 00 2 . 12 + . 9 6  1 . 97 l l . 9  . 3 11 . 5  
14-15 103 + . 20 1 . 11 + . 21 1 . 03 11 . 9  . 5  11 . 5  
6-15 183 + • .  )4 . 98 + . 35 . 91 12 . 0  . 5 11 . 6  
�-- · --... -- ------
TABLE 12 
MEAN At\fD STANDARD DEVIAT ION VALUES 
FOR REFRACTIVE ERROR AND IRIS D IAMETER FOR MALE SUBJECTS 
.. __ ... _ 
... ---=---
_ _ REFRACT IVE ,Ei$BOR IRIS D IAMETER 
S .  D.  
. 6  
. 4  
. 6  
. 2  
. 6  
. 5  
. 6  
. 6  
AGE N R IGHT EYE LEFT EYE R IGHT EYE LEFT EYE 
MEAN S .  D. MEAN S .  D. MEAN S .  D.  MEAN S .  D. 
'"""mt---
6 66 + . 52 . 74 + . 55 . 71 12 . 1  . 5 11. 8 . 6  
7 24 + . 82 . 77 + . 8 0  . 81 12 . 2  . 4 11 . 7  . 5  
6-7 90 + . 60 . 76 + . 61 . 75 12 . 2  . 5 11 . 7  . 5  
8-13 15 + . 47 1 . 03 + . 41 1 . 77 l2 e 0  . 7 ll . 6  . 7  
l.L� 79 ... . 36 1 . 37 .. .  35 1 - 38 1.2 . 0  . 5  11 . 6  . 5  
15 23 + . 39 1 . 52 +. 41 1 . 44 12 . 0  . 5  1 1 . 8  . 5  
14-15 102 - . 19 1 . 43 - . 18 1 . 42 12 . 0  . 5 n . 7 . 5  
6-15 207 + . 20 1 . 22 +. 21 1 . 26 12 . l  . 5  11 . 7  . 6  
��- ·p·---
TABLE 13 
MEAN AND STANDARD DEVIATION VALUES 













R IGHT EYE 
MEAN S .  D. 
+·"'50 . 79 
+8 76 . 64 
+ . 57 • 76 
+. 43 . 9 1  
... . 16 1 0 07 
h 66 1 � 8 1  
e OO 1 . 29 
+. 26 L ll 
LEFT EYE 
MEAN S .  D. 
+ . 52 . 73 
+. 76 . 68 
+ . 58 . 72 
+. 33 1 . 53 
- � 14 1 . 07 
+. 65 1 . 69 
+. 02 1 . 26 
+. 27 1 . 11 
...... ..__....,_,,, ...  
IRIS D IAMETER 
R IGHT EYE LEFT EYE 
MEAN S .  D .  MEAN S .  D. 
12 . l  . 4  11 . 7  . 6  
12 . 1  . 4  11 . 6  . 5  
12 . l  . 4  11 . 7  . 5 
12 . 0  . 6  1 1 . 7 . 6  
11. 9 . 5  11. 6 . 6  
12 . 0  . 5  11 . 6  . 5  
1 1 . 9 . 5 11 . 6  . 6  




S UMMARY OF CORRELAT ION COEFFIC IENTS FOR MALE AND FEMALE SUBJECTS 
R . E .  R . E . PUP IL PUP IL P : IRIS P : IRIS IR IS IR IS 
RIGHT LEFT R IGHT LEFT RIGHT LEFT R IGHT LEFT AGE 
- . "--
R . ERROR 
R IGHT EYE l . 89 4  - . 192 ·- . 18 5 -. 188 - . 191 . 0493 . 0125 - . 189 
R . ERROR 
LEFT EYE • 891+ 1 = . 202 .... . 175 - . 18 1  .. .  182 . 0897 . 0325 -. 178 
PUPIL S IZE 
R IGHT EYE ..... ,,192 - � 202 1 . 840 . 930 . 780 . 36 7  . 2�8 -.0130 
PUP IL S IZE 
LEFT EYE - . 185 - . 175 . 840 1 . 794 . 904 . 3 13 . 267 - . 130 
PUPIL: IRIS 
R IGHT EYE - . 188 � . 181 . 930 . 794 1 . 83 1  . 0450 . 0268 . 0276 
PUPIL; IR IS 
LEFT EYE ... 191 � . 182 . 780 . 904 . 831 l . 0300 . 0682 . 0954 
IRIS 
R IGHT EYE .... . 0493 ... . 0897 .367 . 313 - . 048 - . 0300 1 . 690 - . 148 
IR IS 
LEFT EYE -. 0125 .. .  0326 . 258 . 26 7  . 027 - . 0682 . 690 1 - . 113 
AGE ...  189 - � 178 - . 0130 ... . 131 ...  0276 - . 0954 - 1< 148 - . 113 1 
---
NOTE : With an N o f  390 , a corre lation greater than . 10 is s ignificant at the 
5% level ; a correlation greater than . 130 is significant at the 1% level . 
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TABLE 15 
SUMMARY OF CORRELAT ION COEFFICIENTS FOR FEMALE SUBJECTS 
-- --
---
R� E. R:E.  PUPIL PUPIL P: IRIS P :  IR IS IRIS IRIS 
R IGHT LEFT RIGHT LEFT RIGHT LEFT R IGHT LEFT AGE 
-
R .  ERROR 
R IGHT EYE l . 937 ., .. 169 ...  149 � .  176 - . 161 . 043 . 003 - . 121 
R .  ERROR 
LEFT EYE . 937 1 - � 187 - . 153 - . 188 - . 174 . 040 . 017 - . 106 
PUPIL S IZE 
R IGHT EYE ... . 169 ... . 187 1 . 849 . 942 . 801 . 355 . 192 . 012 
PUPIL S IZE 
LEFT EYE .... . 149 - . 153 -0 849 1 . 820 . 906 . 313 . 206 - . 1.58 
PUPII. : IRIS 
R IGHT EYE ...  176 ... 188 � 941 0 8 19 1 . 850 . 0638 - . 014 . 033 
PUPIL : IRIS 
LEFT EYE •� o 161 - . 174 . 801 . 906 . 850 1 . 049 - . 125 - . 117 
IR IS 
RIGHT EYE . 0428 G 0403 . 355 . 313 . 0638 . 049 l . 701 - . 119 
IR IS 
LEFT EYE � 003 g 017 . 192 . 206 - . 0135 - . 125 . 701 1 - . 134 
AGE ,.. . 121 ... . 106 .. 0115 - . 158 . 033 - . 117 - .119 - . 131+ 1 
NOTE : · With an N of 1 83 , a correlat ion. greater than • 159 is significant at 
the 5% level ; a c orrelation greater than • 208 is significant at the 
1% level .. 
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TABLE 16 
S UMMARY OF CORREI.ATION COEFFIC IENTS FOR MALE SUBJECTS 
mm..,. ____ ,.. ---· 
R . E. R . E. PUPIL PUPIL P: IRIS P :  IRIS nus IRIS 
R IGHT LEFT R IGHT LEFT R IGHT LEFT R IGHT LEFT AGE 
-
R. ERROR 
R IGHT EYE 1 . 873 ... . 212 ... . 212 ...  203 -.220 - . 098 ... 012 - .271 
R .  ERROR 
LEFT EYE . 873 1 - .217 - . 192 - . 184 - . 196 - . 156 - . 055 ... .260 
PUPIL S IZE 
RIGHT EYE ..,* 212 ... . 217 l . 830 . 919 s 759 . 376 . 321 .. .  038 
PUPIL S IZE 
LE.FT EYE - . 212 - � 192 � 830 l . 769 . 905 .311 . 323 -.. 097 
PUPIL: IRIS 
H IGHT EYE .,. � 203 - � 184 0 919 . 769 1 e 8ll .. 026 . 069 . 021 
PUPIL: IRIS 
LEFT EYE �. 220 ... . 196 0 759 . 905 . 811 1 . 015 - . 009 - . 07 
IRIS 
R IGHT EYE ... .. 10 -� 156 e 376 . 311 . 026 . 0 150 1 . 674 - . 171 
IRIS 
LEFT EYE ... Q o12 - . 055 � 321 . 323 . 069 , ... 001 . 674 1 - . 077 
AGE - . 271 - . 260 - . 039 - . 10 . 021 - . 069 -.. 171 - . 077 1 
_"_..,, "'-�--·- =m�.,__.-�._.,.,..,,,,.. _ _....... __ 
NOTE: With an N o f  207 , a correlatlon greater than • 138 is significant at 
the 5% level ; a c orrelation gr�ater than • 181 is significant at the 
1% leveL 
